Little is known about the prognostic value of the strength, assistance walking, rise from a chair, climb stairs, and falls questionnaire (SARC-F) and SARC-F combined with calf circumference (SARC-CalF) among elderly nursing home residents.
Introduction
Sarcopenia, a new geriatric syndrome, is featured by the loss of skeletal muscle mass, strength, and physical performance. [1] It is prevalent in elderly adults, especially in nursing home residents. [2] Previous studies demonstrated that the prevalence of sarcopenia varied from 29% to 85.4% in nursing home residents. [3] [4] [5] [6] However, the prevalence of sarcopenia in Chinese nursing home residents remains unclear.
Sarcopenia has been associated with many negative outcomes, such as functional disability, falls, health care costs, and even death. [7] The association between sarcopenia and mortality in community-dwelling elderly adults has been well documented. [8, 9] However, the evidence addressing sarcopenia and mortality in nursing home residents is controversial. For example, a retrospective study revealed that there was no significant difference in 1-year mortality between patients with or without sarcopenia. [10] On the contrary, another prospective study indicated that sarcopenia independently increased all-cause mortality in Turkish nursing home residents. [11] Furthermore, there is currently no study addressing sarcopenia and mortality in Chinese nursing home residents.
According to the current guidelines, the diagnosis of sarcopenia is device-dependent (e.g., computed tomography [CT] or dual-energy x-ray analysis [DXA] for estimating muscle mass) and may not be feasible in some cases (e.g., walking tests for bedridden elders). [12, 13] Therefore, sarcopenia is underdiagnosed in the real world, especially in nursing home residents, and sarcopenia screening tools are supposed to be useful for these elders. [14] As a classic screening tool for sarcopenia, the strength, assistance walking, rise from a chair, climb stairs, and falls questionnaire (SARC-F) has been validated in different populations since being developed in 2013. [15] [16] [17] [18] A recent study demonstrated that SARC-F could also be implemented in longterm care facilities. [19] In that study, the SARC-F had a sensitivity of 18.2% and a specificity of 78.7% when compared with the European Working Group on Sarcopenia in Older People (EWGSOP) criteria. [19] Additionally, Barbosa-Silva and colleagues reported that adding calf circumference (CC) to the SARC-F (named SARC-CalF) improved SARC-F's diagnostic accuracy, especially the sensitivity. [20] Our team also found that SARC-CalF significantly improved the sensitivity and overall diagnostic accuracy of SARC-F for screening sarcopenia in Chinese community-dwelling older adults. [21] Most recently, SARC-CalF has been applied in nursing home residents and showed a sensitivity of 77.4% and a specificity of 89.8% when compared with the EWGSOP criteria. [22] In nursing home residents, sarcopenia has been proven to be related to adverse clinical outcomes including mortality. [23, 24] A good screening tool of sarcopenia is therefore supposed to be valuable for predicting these clinical outcomes too. However, it is unclear whether SARC-F (or SARC-CalF) can predict mortality or not in nursing home residents. Therefore, we conducted a prospective study to compare the prognostic value of SARC-F and SARC-CalF for predicting mortality in this population.
Methods

Study design and population
We conducted a prospective observational study. The baseline investigation was from September to November 2016. We continuously recruited elderly adults (aged ≥ 70 years) living in 4 nursing homes in Chengdu City, China. Individuals with the following conditions were excluded:
1. unable to communicate with interviewers; 2. living in nursing homes less than 2 weeks; 3. refuse to join this study.
All participants signed the written informed consent. The Research Ethics Committee of Sichuan University approved our study protocol.
Sarcopenia screening
We applied both SARC-F and SARC-CalF questionnaires to screen sarcopenia. The 2 questionnaires were performed by trained nurses via face-to-face interviews. SARC-F includes 5 items, namely strength, assistance in walking, rising from a chair, climbing stairs, falls, whereas SARC-CalF has an additional item, namely CC. The CC was measured by trained nurses using a millimeter graded tape when the participants were in supine position, with their left knee raised and calf at right angles to the thigh.
The contents of SARC-F and SARC-CalF are presented in Supplementary Table 1 , http://links.lww.com/MD/C830. A total score of SARC-F ≥4 and a total score of SARC-CalF ≥11 indicate sarcopenia. [20, 25] 
Nutrition status assessment
Trained nurses evaluated the participants' nutrition status using the Mini Nutritional Assessment (MNA) questionnaire. [26] A total score of MNA ≥23.5, 17-23.5, and <17 indicates normal nutrition status, malnutrition risk (MR), and malnutrition (MN), respectively.
Activities of daily living
Trained nurses evaluated the activities of daily living (ADL) of each participant using the Physical Self-Maintenance Scale (PSMS) developed by Lawton and Brody. [27] The PSMS includes 6 items: eating, dressing, grooming, walking, bathing, and toileting. The options for each item are "can do by myself", "some difficulty but can do by myself", "need some help from other people", and "cannot do by myself", In this study, impairment was defined as "cannot do by myself" or "need some help from other people". The ADL disability was defined as having an impairment in any of the 6 items.
Other covariates
We collected the following information from the medical records: age, gender, smoking, alcohol drinking, body mass index (BMI), comorbidities (hypertension, ischemic heart disease, chronic heart failure, chronic obstructive pulmonary disease, diabetes, stroke, cancer of any type, osteoarthritis, Parkinson disease, cognitive impairment, and depression).
Follow-up
At the 12th month after the baseline investigation, we collected the survival status of the participants via the medical records in the four nursing homes. For those who left the nursing homes where they lived at the baseline, the survival status was collected via telephone interviews. Time to death was calculated as the period between the baseline investigation and the date of death.
Statistical analysis
The statistical analysis in this study was performed using SPSS version 20.0 (IBM Inc., Chicago, IL). A P value of <.05 indicates statistical significance. The categorical data were presented as counts (percentages). The continuous data in this study were all skewed distributed, therefore, these data were presented as the median (interquartile range). The differences between groups were compared using the Pearson chi-squared test or Fisher exact test for the categorical data where appropriate and the Mann-Whitney U test for the continuous data.
We used multivariate Cox proportional-hazard models to calculate the hazard ratio (HR) and 95% confidence interval (CI) for 1-year all-cause mortality by SARC-F-defined sarcopenia and SARC-CalF-defined sarcopenia, separately. Model 1 adjusted for age and gender. Model 2 further adjusted for the chronic diseases that were significantly different between the sarcopenia group and the non-sarcopenia group. Because a previous study indicated that the association between sarcopenia and mortality in nursing home residents could be influenced by malnutrition, [11] we further adjusted nutrition status, BMI, and CC in Model 3. In these models, the age, BMI, and CC were treated as continuous data, whereas the other variables were treated as categorical data. In addition, survival curves were estimated using the Kaplan-Meier method and the difference between the curves was compared using the log-rank test. 
Results
Baseline characteristics of the study population
The flow diagram of this study is presented in Figure 1 . A total of 329 participants (224 women and 105 men) were included in the baseline investigation. The median age of the participants was 85.0 years (range: 73-95 years). One hundred thirty-eight participants (41.9%) had ADL disability and 178 participants (54.1%) had malnutrition risk or malnutrition (MR/MN). The baseline characteristics of the study population are presented in Table 1 . 
The prevalence of sarcopenia
According to the SARC-F, 131 participants (39.8%) were sarcopenic. The prevalence of SARC-F-defined sarcopenia was 31.4% in men and 43.8% in women (P = .033). Participants with SARC-F-defined sarcopenia were older and more prone to ischemic heart disease and Parkinson disease compared with those without sarcopenia ( Table 1) . According to the SARC-CalF, 154 participants (46.8%) were sarcopenic. The prevalence of SARC-CalF-defined sarcopenia was 41.9% in men and 49.1% in women (P = .222). Individuals with SARC-CalF-defined sarcopenia were more prone to osteoarthritis compared with those without sarcopenia ( Table 1) .
The overlap of SARC-F-defined sarcopenia and SARC-CalFdefined sarcopenia is presented in Figure 2 . A total of 110 participants (33.4%) were identified as sarcopenia by both SARC-F and SARC-CalF.
Mortality of the study population
Seven participants were lost during the 1-year follow-up, which led to a final study population of 322 participants. No significant difference was identified between the included participants and those who lost follow-up with respect to median age, median SARC-F score, and median SARC-CalF score at the baseline. Seventy-three participants (22.7%) died during the 1-year followup, including 24 men and 49 women (23.8% vs 22.2%, P = .752). Table 2 shows the characteristics of the final study population according to the survival status.
Association between SARC-F-defined sarcopenia and mortality
The mortality was 29.0% and 18.3% in the participants with or without SARC-F-defined sarcopenia, respectively (P = .025). As indicated in Table 3 , SARC-F-defined sarcopenia was an independent predictor of 1-year mortality in the unadjusted model (HR: 1.65; 95% CI: 1.04-2.61). After adjusted for the potential confounders, the association between SARC-F-defined sarcopenia and 1-year mortality remained significant (Table 3 ).
In the fully adjusted model (Model 3), SARC-F-defined sarcopenia was also independently associated with an increased risk of 1-year mortality (fully adjusted HR: 2.08; 95% CI: 1.27-3.42).
The survival curves of the participants with or without SARC-F-defined sarcopenia are shown in Figure 3 . The survival curves were significantly different according to the log-rank test (P = .001).
Association between SARC-CalF-defined sarcopenia and mortality
The mortality was 26.6% and 19.0% in the participants with or without SARC-CalF-defined sarcopenia, respectively (P = .105). As indicated in Table 4 , SARC-CalF-defined was not an independent predictor of 1-year mortality in either the unadjusted or the adjusted models (fully adjusted HR: 1.54; 95% CI: 0.95-2.47).
The survival curves of the participants with or without SARC-CalF-defined sarcopenia are shown in Figure 4 . The log-rank test 
Discussion
To our knowledge, this study is the first to investigate the prevalence of sarcopenia in Chinse nursing home residents using SARC-F and SARC-CalF. And this is also the first prospective study to compare the predictive capacity of SARC-F and SARC-CalF for mortality in nursing home residents. Our study indicates that sarcopenia is highly prevalent in Chinese elderly nursing home residents according to either SARC-F or SARC-CalF. SARC-F appears to be a useful tool in nursing homes to predict 1-year mortality even after an adjustment for the potential confounders including malnutrition. However, sarcopenia, defined by SARC-CalF, cannot predict 1-year mortality in our study population. Previous systematic reviews have confirmed the association between sarcopenia and mortality in community-dwelling older adults [9, 28] and in patients with different types of cancer. [29, 30] However, we found only four previous studies addressing sarcopenia and mortality in nursing home residents. [10, 11, 24, 31] One retrospective study found that sarcopenia, defined by low muscle mass that was estimated using a 24-hour creatinine excretion method, was not associated with 1-year mortality in elderly nursing home residents. [10] However, sarcopenia, defined by the EWGSOP criteria, was independently associated with an increased risk of 6-month mortality in nursing home residents according to a prospective study. [24] Similarly, another prospective study also found that sarcopenia, defined by the EWGSOP criteria, was associated with 1-year mortality in Turkish nursing home residents. [31] Furthermore, a recent prospective study demonstrated that sarcopenia, defined by the EWGSOP criteria, was significantly associated with 2-year mortality among elderly nursing home residents in Turkey; however, this association was not significant anymore after an adjustment of MNA scores. [11] Our study showed that SARC-F-defined sarcopenia was The chi-square test or the Fisher exact test were performed for categorical data and the Mann-Whitney U test for continuous data with abnormal distribution. P < .05 was considered statistically significant. ADL = activities of daily living, BMI = body mass index, CC = calf circumference, CHF = chronic heart failure, COPD = chronic obstructive pulmonary disease, IQR = interquartile range, MR/MN = malnutrition risk or malnutrition. * Data are presented as median (IQR). † Seven participants lost follow-up during the 1-year period.
Yang et al. 98:7 www.md-journal.com independently associated with an increased risk of mortality even after adjusting for the relevant confounders including malnutrition, but SARC-CalF-defined sarcopenia was not. It is difficult to compare these results due to the significant clinical heterogeneity across studies. However, considering the high prevalence of sarcopenia in nursing homes, the predictive capacity of sarcopenia for mortality and other important outcomes (e.g., functional disability and falls) in this special population deserves further studies in the future. SARC-F has been translated into Chinese, [32] Japanese, [15] Korean, [33] and Spanish. [34] It has been well validated in various study populations. [15] [16] [17] 33] However, most previous studies Table 3 Association between SACR-F-defined sarcopenia and mortality according to Cox Regression Models adjusted for potential confounders. regarding SARC-F were conducted in community-dwelling older adults. Only Kotlarczyk and colleagues reported that SARC-Fdefined sarcopenia was 21.3% among female long-term care residents in the United States. [19] The evidence regarding the predictive capacity of SARC-F for mortality is also limited. Only 1 prospective study indicated that SARC-F-defined sarcopenia was associated with 4-year mortality among communitydwelling senior in Taiwan. [18] Our study provided new evidence on the predictive value of SARC-F for mortality in nursing home residents. Association between SACR-CalF-defined sarcopenia and mortality according to Cox Regression Models adjusted for potential confounders. SARC-F only includes items regarding muscle strength and function, SARC-CalF also includes an additional item regarding muscle mass, therefore, SARC-CalF is theoretically supposed to be more accurate than SARC-F for estimating sarcopenia. However, unlike SARC-F, SARC-CalF (as a novel screening tool) has not been well validated. Our previous study indicated that SARC-CalF significantly improved the overall diagnostic accuracy of SARC-F for sarcopenia in Chinese community-dwelling older adults. [21] In addition, SARC-CalF has been proven to be valuable for screening sarcopenia in nursing homes. [22] However, the current study did not support the predictive capacity of SARC-CalF for mortality in nursing home residents. Therefore, further studies are needed to evaluate the validity and reliability of SARC-CalF in nursing home residents.
Unadjusted
In this study, compared with SARC-F, SARC-CalF appeared to overestimate sarcopenia (46.8% versus 39.8%). One possible reason was the cutoff point of CC in SARC-CalF, which were 34 and 33 cm for men and women, respectively. [20] The optimal cutoff points for CC to estimate low skeletal muscle mass remains unclear; however, it may vary in different ethnic populations. For example, 33 and 32 cm were the proposed cutoff points of CC to estimate low muscle mass in elderly men and women in Taiwan. [35] In Turkish elderly adults, 33 cm was supposed to be the optimal cutoff point of CC for both men and women. [36] In our study population, the median of CC was 33 and 32 cm in men and women, therefore, the cutoff points of CC in SARC-CalF may not suitable for our study population.
Our study has some limitations. First, although we have carefully adjusted for many important confounders, unmeasured factors (e.g., polypharmacy) may bias the results. Second, we did not compare SARC-F (and SARC-CalF) with common sarcopenia criteria, such as the EWGSOP [12] or the Asia Working Group for Sarcopenia (AWGS) [9] criteria. In fact, the sensitivity and specificity of the SARC-F and SARC-CalF were not very good, therefore, some participants in both the SARC-F and SARC-CalF groups might have no sarcopenia. On the other hand, both the SARC-F and SARC-CalF might miss some participants who actually had sarcopenia. This might bias our results. Third, our study only focused on mortality, the predictive capacity of SARC-F and SARC-CalF for other important outcomes, such as quality of life and the incidence of disability, should be evaluated in prospective studies in the future. Fourth, our results were based on a sample population of Chinese elderly adults aged 70 years or older living in nursing homes. It should be cautious to apply these results to other populations. Last, just like all cohort studies, selective survival before entry into the study population needs to be considered.
Conclusion
Sarcopenia, defined by SARC-F or SARC-CalF, is highly prevalent in a study population of Chinese elderly nursing home residents. SARC-F-defined sarcopenia appears to be better for predicting the 1-year mortality of Chinese nursing home residents than SARC-CalF-defined sarcopenia. The applications of SARC-F and SARC-CalF in the nursing home residents need to be further evaluated in the future.
